The supporting information consists of detailed information of 1) the simulated system compositions (Table S1), 2) determination of the aggregate cluster cutoff distance, 3) equilibration and convergence assessment of the simulations, 4) the influence of the aggregate cluster cutoff distance on the aggregation energy, 5) photographs of the dye solubilization samples in the experiments, and 6) the aggregate size distributions resulting from the simulations.
Simulated system compositions
Table S1 specifies in detail the system compositions and simulation setup details for the simulation runs. In the table, the surfactant is either monopalmitin (MPG), dipalmitin (DPG), or palmitic acid (PA) while solvent is triolein (TOG) or cyclohexane (CHX).
Determination of cluster cutoff distance
As reverse micellar aggregation is driven by polar interactions occurring between the headgroups of different surfactant molecules, the surfactants were classified to aggregates based on their headgroups residing close to each other. More specifically, surfactant molecules were considered to be part of the same cluster if their headgroups were closer than the cluster cutoff distance rc from each other. The distance between the headgroups of two surfactants was calculated as the shortest distance between any two headgroup atoms in the two surfactants. The headgroup atoms included the glyceryl moiety and the ester groups of monoglyceride and diglyceride and for the free fatty acid, the acid moiety.
The aggregate size distribution, particularly in highly concentrated systems, can be expected to depend on the cluster cutoff distance rc. To obtain a reasonable value range for the cutoff distance, the size distribution corresponding to a handful of simulation configurations was classified manually based on visual analysis and the aggregates compared to those obtained using different cutoff distances. Cutoff distance ranges 0.30-0.35 nm and 0.29-0.36 nm were found to reproduce the reference distributions of monoglyceride and diglyceride, respectively. As the ranges are rather similar, the clustering of free fatty acid was not examined explicitly. A cutoff value of 0.33 nm, corresponding to the middle of the range, was used in the data analysis as the cluster cutoff distance for all examined surfactant species.
To estimate the uncertainty originating from the choice of cutoff in the simulations, the free surfactant concentration was calculated with different cutoffs, see Figure S1a . The figure shows that the maximum uncertainty resulting from cutoff is around 8-16 mM. Additionally, examination of the automatically generated size distributions with varying cutoff distance revealed that the free surfactant concentration was sensitive to the cutoff particularly in the concentrated systems, see Figure S1b .
Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics. This journal is © the Owner Societies 2018 3 Equilibration and convergence A common concern in molecular dynamics is the equilibration of the system and convergence of the values of the target measurables. As triolein is a highly viscous solvent, specific care must be taken to establish these rigorously. To determine the length of the initial relaxation period, the time evolution of the free surfactant concentration was first assessed (data not shown). Within 0-25 ns, the free surfactant concentration leveled and started to fluctuate around an average value. Drift in the free surfactant concentration and sampling time required for the system to reach a converged free surfactant concentration were additionally inspected by varying the initial relaxation time, i.e. the time period omitted in the analysis. The analysis indicated that 50-75 ns was a sufficient sampling time to obtain a converged value of free surfactant concentration. Finally, the statistical uncertainty of the size distributions were estimated by the standard method of blocks, i.e. dividing the trajectory into four blocks, and calculating the standard deviation of the block averages from the mean, see Figures S5 and S6 . In principle, the formation of large reverse micelles in the simulations could be prevented by existence of a high kinetic barrier as the simulations are self-assembly simulations. To assess whether this is plausible, an additional simulation starting from an initial configuration with two pre-assembled micelles of 35 monopalmitins each in triolein was performed. This two micelle system corresponds to 516 mM monopalmitin in triolein. A comparison of the data set resulting from these pre-assembled micelles and those self-assembling in the simulations shows that the two different starting configurations yield similar size distributions and average free surfactant concentrations, see Figure S2 . This indicates that the systems are not kinetically trapped. 
Influence of cluster cutoff distance on aggregation energy
In dilute solutions, following Equation 3 of the main manuscript, the association free energy of aggregates of size g (aggregation number), Δ , can be extracted from aggregate size distributions using equation (1) where cg the concentration of aggregates of size g. In this, the activity coefficients have been neglected as the solution is dilute. Figure S3 plots the Δ values calculated using different cluster cutoff distances. The data shows that for all examined cutoff distances, Δ shows considerable concentration dependence. Notably, in an ideal solution in which there are no interaggregate interactions, the data would not show concentration dependence, unless the cutoff distance is poorly chosen. However, the concentration dependence in dimer and trimer aggregation energies persist until the cluster cutoff distance is as small as 0.07 nm which is clearly unrealistically small. In total, this means the concentration dependence has, at least partially, another origin than the cutoff distance choice, e.g. it rises from interaggregate interactions.
Figure S3
: Effect of aggregate cutoff and concentration on the aggregation energy of monopalmitin in triolein (left) and monopalmitin trimer in triolein (right) in the simulations. Table S1 presents the actual concentrations. Figure S5 for full description of the presented data.
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